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Presentation Purpose

Purpose of review

— Present a synopsis of the IAS Detailed Design Specification and
related design material

— Detailed Design encompasses:
* Defining Detailed design for software and hardware CI's

* Refining detailed inter-subsystem interfaces and external
Interfaces

» Defining a detailed design for the operator-system interface
« Defining a detailed design for the database

* Refining operations scenarios

« Performing further studies and prototypes to guide design
« Defining final test plans

« Documenting the above in specifications, ICDs, plans etc.

CDR covers Design and Implementation/Integration approaches of
entire IAS including parts managed and developed at EDC
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IAS CDR Documentation

Accompanying Documentation

IAS Detailed Design Specification

IAS Interface Definition Documentation

IAS-LPGS ICD

IAS System Integration and Test Plan

IAS Release Implementation Plan

IAS User’s Guide (Preliminary)

IAS Calibration Parameter File Data Format Control Document

Reference Documentation

Landsat 7 Data Format Control Document- Volume 5, Level OR
Output Product

Interface Control Document Between EOSDIS Core System
(ECS) and the Landsat 7 System, 2/97
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On-line Documentation

All IAS documentation and presentations are available for review
and printingin PDFformatonthelASweb server:

http://caster.gsfc.nasa.gov/IAS/
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IASRIDS

 Please submit RIDS to Shaida Johnston no later than April 29, 1997

Submissioncan bemadebyusing hard copy RID provided orvia
email. Please make sure all information necessary on the hard
copy is provided on the email version.

 Code 430, Building 16W
« shaida.johnston@gsfc.nasa.gov

e JtemstoRIDare:

Presentation Package
IAS Accompanying Documentation
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Events to Dates/PDR Followup

« A formal IAS Preliminary Design Review was conducted in
February 1996

— AllRidsfromthisreview have been closed out
 |IAS Project Management was restructured in July 1996

« Informal Delta IAS System Design Review/Preliminary Design
Review was conducted December 1996

« Two independent software design reviews occurred the week of
March 24, 1997 to review the Radiometric Processing System and
Geometric Processing System software designs in detail.

— No major issues were raised at the reviews
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Purpose of IAS

 Primary IAS Tasks
— Assess quality of LOR Products
— Calibrate instrument and spacecraft
— Support anomaly investigation
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 Retrieve Landsat 7 Level OR products from the EDC DAAC

* ProcesstheLORproductstoproduceradiometrically and
geometrically corrected level 1R and 1Gimages

« Remove artifacts whileprocessing LOR datato produce
Level IR images as required

« Assess,onasample basis, the quality of ETM+ Level OR
products archived by the EDC DAAC

« Performradiometricand geometric calibrationson selected
L7 data

« Monitor and performlong-term trend analyses of system
performanceandimagequality

« SendIAS Calibration Parameter File,problem reports, data
guality assessments and processing parameterstothe
EDC DAAC

\_ .
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 Providethe Calibration Parameter Fileto the LPS

 Receive necessary satellite and instrument performance
datafrom the MOC

« Coordinate acquisition of ETM+image datarequired for
Image quality assessmentwith the MOC

 Generatetheequivalentof up toten ETM+ Level 1G
systematically correctscenesina24 hour day

« Producecalibration parameter file updates on an as
needed basis (nominally quarterly)

e Sustain operations for at least 1 shifts per day, 5days a
week foraminimum mission life of 5years

\ O 12
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IAS Context Diagram
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Issues

* Interface to EDC DAAC for receipt of Level OR product

— Documentation on details for how the IAS receives the Level
OR producthas notbeen available. Designis based on
assumption that this is a fairly manual procedure

— If documentation is located and a more automated approach
can be accommodated in the release schedule, the design will
be revisited

* Interface to LPGS for receipt of trending data

— Physical connection between LPGS and IAS is not defined
thereby leaving a design based on assumptions
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IAS Subsystems
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 Process Control Subsystem (PCS)

— Providesthetools needed bythelAS Operatorto planand
manage the processing being performed by the IAS

— Controls the execution of Radiometric and Geometric
Processing Subsystem applications by initiating and managing
Work Order processing

« Data Management Subsystem (DMS)
— Manages ingest and storage of data from external systems
— Performs quality checking and correction of LOR Products
— Manages IAS on-line data storage and archival

— Formats IAS outputs for, and manages data transfer to, external
systems
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IAS Subsystem Definitions (2 of 2)

Evaluation and Analysis Subsystem (E&A)

— Provides the Toolkit used by the IAS Analyst in evaluating and
analyzing the performance of the ETM+ instrument and in
maintaining the Calibration Parameter File

— Includes tools for viewing IAS inputs and results, image
processing, statistical analysis, and report generation

Radiometric Processing Subsystem (RPS)

— Provides all functionality required for Level 1R product
generation, radiometric calibration, and radiometric
characterization and evaluation

Geometric Processing Subsystem (GPS)

— Provides all functionality required for Level 1G product
generation, geometric calibration, and geometric
characterization and evaluation
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IAS Interfaces
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« |IAStoMOC
— Landsat 7 MOC to IAS ICD 511-4I1CD/0197, Baseline 1/97
« Update pending lamp cycling issues
— All transfers using FTP put (MOC and IAS)
— Two formats for calibration scene requests (PAC/FAC vs. GLC)
« IAStoLPS
— ICD Between IAS and the LPS, 514-11CD/0195, Rev. 1 7/96
— CPF sent via FTP (backup via media)
— Reprocessing Requests via e-mail (backup is paper)
« |ASto EDC DAAC
— ECS to Landsat 7 ICD listed in reference documents
— Browse dialog and Level OR Products via user interface
— IAS gets LOR product when made available

— CPFto DAACvialASnotificationand DAACget
\ — Reports to EDC DAAC Guide Server
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IAS Interfaces (continued)

« LPGStolIAS
— ICD Between IAS and LPGS, Draft 1/97
— Electronic transfer (potential DB link)
— Tape Backup
e Other Interfaces
— IASreportssenttothe MMO viae-mail or paper
— Anomalies coordinated with DHF (EDC facility)
— lAS retreives UT1 corrections from USNO via the internet
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Calibration Parameter File

Format is HDF/ODL

Four components

— Radiometric parameters

— Geometric parameters

— Time correction coefficients

— Fixed parameters

Distributed to:

— LPSfor usein Level OR Processing, ACCA

— EDC DAAC for distribution with Level OR products
— MOCforforwardingtoIGSsanduseby FDF
Updated on regular 90 day cycles at minimum

— Effectivity dates (begin/end) first two parameters of file

— File naming convention (L7yyyydddIASCAL.Vnn)
AO1 A02 AO4

| 1 | |
! X I T 1

6/1 9/1 12/1

C BoL ., A03 . BO2 .
! | T 1

7115

O 22
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IAS Reports

o Calibration Reports

CRaM Pre-fit

CRaM (Combined Radiometric Model)
Ground Look

Sensor Alignment

Scan Mirror

Band Alignment

« Assessment (or Characterization) Reports

Detector Status (Inoperable and degraded)
Saturated detector

Impulse noise

Random noise

Histogram analysis

O 23
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IAS Reports (continued)

« Assessment (or Characterization) Reports (cont.)

Coherent noise

Scan Correlated Shift

Memory effect

Banding

Striping

MTF

TM Initialization (metadata item validation)
Geodetic Accuracy

Band to Band Registration

Image to Image Registration

Geometric Accuracy

Level OR product quality (from ingest and TMINIT checks)
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IAS Reports (continued)

« Problem Reports
— Identified problem
— Request for telemetry trending from MOC
« Anomaly Investigation Reports
 Quarterly Summary Reports
— Summaries of calibrations and assessments
— IAS performance summary
— Any significant problems and trends
— Changes to CPF and their reasons
« Annual Reports

O 25
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-‘ Functional Overview I

— |AS receives LOR data from EDC-DAAC

— IASisrequiredtoprocessuptol0scenes perday
(500 MB/sceneor 5GB perday)

— Aminimum of 130 GBytes of storageis provided to
support processing and temporary L1R and L1G
storage for analysis.

— Support Analysts’ activities

k O 27
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IAS Hardware Architecture

| mage Assessment System Oper ational Har dwar e Ar chitecture
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— Silicon Graphics Inc. (SGI) Origin 2000 Rack
Server

e 5.12GBps Sustained I/O

4,195 Mhz. R10000 processors w/4MB Cache
(expandableto 16 processors within arack)

9.1 GB System Disk
2 GB RAM (expandable to 32 GB within arack)

Dual Attached FDDI (100 Mbps peak)
/49

SCSllllinterfaces (40 MBps peak)
10/100 BaseT Ethernet (Auto Sensing)
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— Silicon GraphicsInc. (SGI) O2Workstations
e Single 150 MHz. R10000 processor
 4.0GB System Disk
e 64 MBytes RAM
 Dual Attached FDDI (100 Mbps peak)

« SCSllllinterfaces (40 MBps peak)
e 10/100 BaseT Ethernet
« 20 Color Monitor

\_ <.
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— Ciprico Disk Array Subsystem
« 72.8 GB total capacity
« 8+1diskconfiguration (Hot Swap)
* Redundanthotswap powersupplies

« Redundant Array of Independent Disks (RAID)
level 3.

« SCSllllinterface (40 MBps peak)

e 2units concatenated provide over 144 GB of
contiguous disk space and 70 MBps sustained
read and writes.

\_ 4,
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— Boxhill Digital Linear Tape Drive (DLT) Mini
Library (DLT 4700)

« 7DLT Cartridge Capacity (Robotic loading)

20 GB capacity/tape (native)
40 GB capacity/tape (compressed)

Total capacity 140 GB native, 280 GB
compressed

1.5MBps Transferrate (native)
3.0 MBps (compressed)

SCSlllinterface (20 MBps peak)

\_ 4.
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Operational Activities

 Primary IAS Tasks
— Assess quality of LOR Products
 Process images to 1R and 1G levels
e Characterize radiometric artifacts
« Assess geometric accuracies and registrations
— Calibrate instrument and spacecraft
 Radiometry using multiple calibration sources
e Sensor alignment, scan mirror and band placement
— Support anomaly investigation
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Scene Type # to order/ quarter | # to Process Assessments and Outputs/Reports
/Level Calibrations
Random Day Scene Level OR Product Quality Daily Assessment Report
90 90/1Gs (Table3.2.2.4-1)
Detector Operability
Detector Saturation
Impulse and Random Noise
Banding and Striping
Geodetic Test Site Q) Geodetic Accuracy Calibration Reports for each
6-24 12-48/1Gs Sensor Alignment Quarterly Report/CPF Update
Geometric Super-Site 2) Scan Mirror Calibration Calibration Reports for each
2-6 4-12/1Gt I-1 Registration Assessment Quarterly Report/CPF Update
Focal Plane Cal. Image B-B Registration Assessment Calibration Reports for each
4-12 4-12/1Gs Band Placement Calibration Quarterly Report/CPF Update
Night Scenes (©) Characterize Coherent Noise Assessment Report for each
20-44 20-44/1R Char. Scan Correl ated Shift Quarterly Report
Characterize Memory Effect
PASC Data (4) Characterize Memory Effect Calibration Report for each
180 180/1Rp Rel. Radiometric Accuracy Quarterly Report/CPF update
FASC Data (5) Characterize Coherent Noise Calibration Report for each
8-30 8-30/1Rf Char. Scan Correl ated Shift Quarterly Report/CPF update
Characterize Memory Effect
Rel. Radiometric Accuracy
MTF Image Characterize MTF Assessment Report for each
Quarterly Report/ CPF update
Ground Look Calibration Absolute Rad. Accuracy Calibration Report
1 1/1Gt

(1) For each of the 6-24 scenes, process PAN band once to 1G systematic using PCD ephemeris and once again using FDF definitive ephemerisfor a range of 12-48.

(2) For each of the 2-6 scenes, process PAN band to 1G systematic and then to 1G terrain corrected.

(3) Optimally, a 20 scene interval is desired once per quarter. Additionally, the non-bright scenes acquired with the PA SC images will be ordered 2 per week.

(4) PASC imaging is scheduled once per day, each PASC acquisition is approximately 6 scenesin length with the bright area of interest covering 2 scenes that will be ordered (90x2). Each scene

will be processed to 1R level using a unique PA SC processing algorithm.

(5) FASCimagaing isscheduled once every six weeks, therefore could be acquired once or twice in a quarter. There are two types of FA SC imaging; one collecting 8 scenes when done in

conjunction with PASC imaging and one collecting 15 images when done on a stand alone basis.
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 QOperators
— Process image data and monitors the system
— Order data from DAAC
— Generate MOC requests, DAAC transfer requests & CPF
— Transfer files
— Setup, modify and monitor Work Orders (WQOs)
— Monitor system status, messages and alerts
— Query Database
— Startup/Shutdown of IAS software
 Analysts (Radiometry and Geometry)
— Display and edit IAS data
— Analyze IAS data
— Generate Reports
— Submit Jobs
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Scenarios

‘ . Ordering Data I

— MOC Acquisition Requests
— Level OR data from DAAC
 Defining a Work Order
— Standard Processing Procedures
— Work Order Setup
« Analyze Results
 Generation of Primary Output Products
— Calibration Parameter File
— Reports
« Anomaly Investigation

O 38
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o Calibration Scene Request

— UserspecifiesifthisisaPAC/FAC (orbitnumberbased)or
Ground Look Calibration (WRS path/row based) request

— Tools available for orbit number and path/row determination
« COTStool to display ground track

 Weekly MOC AN/DN file (includes times, longitudes, and
orbit numbers)

— User fills in a form specifying the appropriate information
— Multiplerequests may beputintoasinglerequestfile
— Requests are tracked in the database
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Generate MOC Requests (continued)

Concentrated Ephemeris Request

User fillsinaform specifying the start and end times for the
requested dataorselectsaLORproductandthetimes are
automatically extracted

Multiplerequests may be putintoasinglerequestfile
Requestfileis created and staged for transfertothe MOC
Requests are tracked in the database
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« Connectto DAAC via Web Browser

 Query/browse for desired scenes

 Select and order scenes

 Create IAS Work Order with corresponding scene ids

« DAACnhotifieslASwhendatais availableand IASftps data
« Data products are checked for completeness

 |AS catalog updated with data product information

 Received data products checked against outstanding Work
Orders and operator notified if no matches found
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Order and Receive Data

OR Status

|AS Operator |AS Operator |AS Operator
0 ol Scene S¢lection
Saved Query[Dialog Request(Dialog raer Work Order Parms
Query Scene
\Pams) y | Wetaatg g
Review Order Create
DAAC Metedlata Level OR Work
Holdings Product Order
ECSClient ESST ECSClient PRT
A Profluct 1Gs
Metaata Browse Orger O
Imgges
EDCDAAC Vo
ork

PCD
Stats

5

MSCD
Stats

LOR Ingest

OR Prpduct

EDCDAAC

IAS
OR
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Scenarios

 Ordering Data
— MOC Acquisition Requests
— Level OR data from DAAC

‘  Defining a Work Order I
— Standard Processing Procedures
— Work Order Setup
« Analyze Results
 Generation of Primary Output Products
— Calibration Parameter File

— Reports
« Anomaly Investigation
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Whatis aWork Order?

AWork Orderisthesetofinputdata,control parameters,andthe
procedure for processing a LOR input product.

Named procedures consist of a set of processing scripts

Scripts execute application programs to process data
Application programs obtain input parameters as needed
Process Control System controls the execution of the scripts
Scriptscanbesetto pausewhencompleteforanalysis ofresults

Procedure

Control Control Control
Point Point Point

Scriptl (—| Script2 | Script3 __, WorkOrder

Complete

\_

O 44
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Standard Processing Procedures

» PASC Scenes
* FASC Scenes
 Night Scenes
« Day Scenes

Level 1Gs

Level 1Gp (interactive and automated)
Level 1Gt (interactive and automated)
Geodetic accuracy

Sensor alignment calibration
Geometric supersite

Image registration

Band to band registration

O 45
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Work Order Setup

« New Work Order

Userspecifiesanew Work Orderand aformis displayed for
the user to enter information

List of values and default values are supplied where
appropriate

Input data is specified, if known

User selects processing procedure to apply to the input data

Processing parameters associated with the processing
procedure are selected

Work Order is committed to the system

Process Control Subsystem will schedule the Work Order for
processing once all required input data are available
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Work Order Setup (Cont’d)

\_

— Work Order attributes are displayed and the user may make and

 Modify Existing Work Order

User queries system for existing Work Order

commit changes

 Fields associated with Work Order setup

work order number (generated by system)

date entered (generated by system)

requester (generated by system)

priority

request type

requested completion date

processing procedure (submenu for input parameter selection)
Input data specification

comments
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Scenarios

Ordering Data

— MOC Acquisition Requests

— Level OR data from DAAC
Defining a Work Order

— Standard Processing Procedures
— Work Order Setup

Analyze Results

Generation of Primary Output Products
— Calibration Parameter File
— Reports

Anomaly Investigation
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Analysis of Results

 Execution of a processing procedure results in trending and
calibration information

« Results maybereviewed attheend of each scriptor atthe
completion of the Work Order

— Dummy scripts may be created to inform analyst of specific
analysis steps needed

 Processing history logs and intermediate products are generated
in a Work Order specific directory

« E&A functions are used to view and analyze intermediate products
and end results

« Cleanup of temporary files and archive of status files will begin
onceanalysthasindicated thattheirreview oftheresultsis
complete
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Scenarios

Ordering Data

— MOC Acquisition Requests

— Level OR data from DAAC
Defining a Work Order

— Standard Processing Procedures
— Work Order Setup
Analyze Results

Generation of Primary Output Products
— Calibration Parameter File
— Reports

Anomaly Investigation
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Generate Calibration Parameter File

o Calibration parameter files are generated and maintained in ODL
files

« Togenerateanew CPFtheuserrunsatooltoprocessandwrite
the calibration information to a named ODL file

« Thedatabaseisupdatedtoindicatethatanew CPFhas been
generated

« The new CPF is reviewed/verified before being released for
distribution

O 51



MO& SD
Division
Code 500

IAS Critical Design Review

Update Calibration Parameter File (1)

1.Recommend 2.Review 3. Cross Check 4. Compile 5. Lock CM 6. Test new 7. Update
Parameter | gg.[ Parameter if Multiple Full [ | Copyof CPF (| CPFbyrunning Hae Rél ational
Change Recomm. Change Approvall  Changes CPF -Set FileName testimageto 1Gs Table
& files ) o
- Create Head
IASManager |ASManager IASManager reale Header (Time specific)
- Anomaly Results IAS Analysts IAS Analysts
- External Input LSO LSO |AOperator
IAS Analyst
- Radiometry
- Geometry
LSO
-Analysis
8. Notify/ 9. Send out Send current Send
Coordinate > New P | Alignment » CPFs
CPFs Matrix to FDF toIGSs
With LPS
With LPDAAC FTPputtoMOC MOC MOC
WithMOC FTPputtoEDCDAAC
| FTPget from LPS Check/Update Update
g | Enddateof [—P| Relationa
Last CPF Table
EDCDAAC EDCDAAC
Check
(1) ParametersChanged | g | CFF
LPS

| Static Parameters

| UTL/UTC File

Rad. Parameters

Geo. Parameters

USNaval
Observatory

CPFs
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Backup Notes for CPF Scenario (1)

1. Each of the entitiesthat can make recommendations (IAS Manager, |ASanalysts, and L SO) may be working with different subsets of the
information which comprise the CPF such that arecommendation for use of new parameterswould have to come with the appropriatefile
name and location. An analyst or operator would use these subset filesto update the database (before or after review?) and then generatethe
CPF. Therearefour components of the CPF (see box 4) and analysts/scientist can be working with either the radiometry file and/or the
geometry file.

2 & 3. Thefull team (IASManager, analysts and L SO staff) will review proposed parameters changesand cross check their effects on each other if
therearemultiple changes.

4. Thefull calibration parameter file (CPF) will be compiled from the four components (static val ues, approved radiometry file, approved geometry
file, and appropriate time correction file that will beretrieved from the US Naval Observatory siteviatheinternet).

For previously transmitted file updates, the appropriate time correction filewill be obtained from the | AS database for inclusion.

5. The configuration managed (CM) version of thefileis saved and thefile name (format in the CPF document) and the header (containing effective
start date and end date) are created.

6. Asaquality check, the newly generated CPF will be used to create a 1Gsimage and checked. Theimage selected must match thetime framein
whichthe CPFiseffective.

7. Therelational tableisenvisioned to contain effective dates (with no overlapping times) and

the corresponding CPF file namesto be used for that time span.

7a. If itisnecessary to update previously transmitted CPFs, then new CPFsfor past time frames must be compiled, checked, given new file names
and headers, therelational table updated and transmitted to the appropriate Landsat 7 elementsalso. Theloop will continue until no more
back (or previously transmitted) files need to be updated.

Steps after step 9 arenot withinthe |AS.
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Update Calibration Parameter File (2)

1.UT1/UTCTime
Correctionsdue
to expire

Y

2..Request
Parameter
Changesfrom

IASManager

- Anomaly Results

- External Input
IAS Anayst

- Radiometry

- Geometry
LSO
-Analysis

CPF
S et — Com
IASManager A
Rad. Parameters USNaval
Observatory
+ Aernet
3. Review 4. Cross Check 5. Compile 6. Lock CM 7 Test new
Parameter | .| if Multiple B Full | Copy of CPF - CPF by running
Changes  |Approval  Changes CPF -Set FileName testimageto 1Gs
- Create Header (Time specific)
IASManager IASManager =L
No IAS Analysts IAS Analysts |ASOperator T
LSO LSO p| o ~POe
Relational
Table
9. Notify/ 10. Send out Send Send
Coordinate [ New P> | Alignment I CPF
CPF Matrix to FDF tolGSs
With LPS FTPputtoMOC MoC MOC
WIthLPDAAC  ETphutto EDC DAAC
With MOC FTP get from LPS Check/Update Update
(With LSGS) (FTP put to L SGS) g | Enddateof || Relationa
Last CPF Table
EDCDAAC EDCDAAC
Check
(2) Current CPF Dueto Expire | CPF
LPS
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Generate Reports

« The following products are generated as a result of the analysis of
the Work Order processing:

— Relevant assessment (or characterization) reports
 Radiometric artifacts
« Applicable geometric characterizations
— Level OR product quality assessment
— Calibration report if required number of scenes are present
« Asrequired, the IAS will generate:
— Problem reports
— Anomaly investigation reports
 |AS produces quarterly and annual summary reports regularly
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Scenarios

 Ordering Data
— MOC Acquisition Requests
— Level OR data from DAAC
 Defining a Work Order
— Standard Processing Procedures
— Work Order Setup
« Analyze Results
 Generation of Primary Output Products
— Calibration Parameter File
— Reports

« Anomaly Investigation I
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Anomaly Resolution

« The same tools used in normal processing are available for
anomaly resolution and “what if” processing.

 Analyst sets up Work Order using standard or custom scripts

 Analyst can control execution of scripts (e.g. go backwards in
procedure to rerun scripts)

 Results are “tagged” to differentiate them from normal processing
runs

« Theanalystmayrequiretrending datafromthe MOCto aidinthe
analysisofananomaly. Requesttothe MOCfortrending reports
are made via an IAS Problem Report.
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 Introduction R. Schweiss
« Design Overview S.Johnston
« Hardware Architecture C. Brambora
« Operational Scenarios S.Johnston
« Software Design

— Overview J.Hosler

— Management and Control A.Williard

— Database A.Williard

— L1 Processing T. Ulrich

J.Storey
— Evaluation and Analysis D. Kaufmann/M. Schienle

e System Test E.Crook
K Conclusion R. Schweiss j/
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« Overview

 Operations Interface

« |ASManagementand Control
 |AS Database

* LI1R Processing
 Evaluation and Analysis
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 Design Process
— SSDM Structured Design Methodology

— Bottom-Up Design for Radiometric and Geometric
Processing Subsystems

— Top-down Designfor Remaining IAS Subsystems
 Design Products

— Preliminary: Completed Top Two Levels of Structure
Charts and Unit Statements

— Detailed: Completed Structure Charts, Module
Specifications and Data Dictionary

\_
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Design Methodology (Cont.)

\_

 Design Products (Cont.)

Detailed Design Specification
Interface Definitions Document
Entity-Relationship Diagram
Physical Schema Diagram

 |AS Project Standards

— On-line Documentation

Procedures and Conventions

e |[AS Standards and Procedures Notebook

— CADRE/Teamwork

e Structured Design
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Design Methodology (Cont.)

\_

« |ASProjectStandards (Cont.)
— RTM
 Requirements Traceability
— Oracle Designer 2000
 Database Development
— Oracle Forms
 Operations Interface
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Issues

e Mechanism for EDC DAAC to notify IAS on availbility of LOR
productis TBD

« Mechanism for LPGSto transfer trending datato IASis TBD
 Detailed layout of reports provided to MMOis TBD

« Transfer of productsto EDC DAAC is amanual process
(DAAC GUlused to specify file and location)

\_ .
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Assumptions

« EDC DAAC Interface
— DAACconnectstosocketon IAS
— DAACsends dataavailablity notification (DAN)
— IASclosessocketconnection

— IAS expectunique productid in DAN as provided to IAS
when productwas ordered
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Design Drivers /Constraints

\_

Multiple Image Assessment Processing
— Work Order Processing
System Users
— User Interfaceto Support Multiple User Types
 Operators
e Analysts
— Work Order Tuning
— “Whatif” Analysis
Schedule
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Global Routines
— Common APl for Radiometric and Geometric Processing
Database Interface

— Database Access Routinestolsolate SQL Statements
and Stored Procedures
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e Principal Functions

\_

Requestand Receive Data
— EDC DAAC
 LOR Product
- MOC
o Partial Aperture Solar Calibrator (PASC)
 Full Aperture Solar Calibrator (FASC)
« Ground Look Calibration (GLC)
 Concentrated Ephemeris
— LPGS
« Radiometric Charaterization Data
Data preparation for processing
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L1R Processing

— Radiometric Calibration

— Radiometric Characterization

— Level 1R Processing

— Geometric Calibration

— Geometric Characterization

— Level 1G Processing

Verification of DataQuality

Evaluation and Analysis

Distribution of Products

— Calibration Parameter Fileto the DAAC, MOC, LPS
— Producelmage Quality and Trending Reports
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Top Level Architecture
MocC |t MOC Reguests
LOR Browse Dialog Process
|ASReports A Product > Control
CPF Orders+ DataAvailability NOtIC; SUbsy stem » Work Order Instructions
(PCS)
EDCDAAC
A Processing Processing
CPF Processing Status Status Processing
|ASReports Parameters Parameters
: . - Geometric
Radi ometric Char Cal Stats Processing
Tomg )\ S
System \— (GPS)
Ancillary
—_— Geometric
Process ImageData Assessment
Data Analyst
DAN Request T Notification
Level OR v Cal ParmFile
/ —\ Eva| Uatl on v
and Analysis
LPS < Reports Subsystem
(E&A)
—>
LPGS Rad. Char. Stats.
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Data Management Subsystem (DMS)

— Ingest LOR Productfrom EDC DAAC

— Validate and Correct LOR Product

— Ingest Ephemeris and Reports from the MOC
— Generate Calibration Parameter File (CPF)

— Distribute Products to External Facilities

— Monitor Disk Usage
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Top Level Architecture (Cont.)

 Process Control Subsystem (PCS)

Schedule Work Order for Processing
Monitor Progress of Work Order

Notify Analystfor Intermediate Action on Halted Work
Order

Notify Analystfor Assessment of Completed Work Order

/41




f&so IAS Critical Design Review
Division
Code s Top Level Architecture (Cont.)

\_

Radiometry Processing Subsystem (RPS)
— Perform Radiometric Calibration
e Usesanumber of calibration sources:
— Internal Calibrator
— PASC
— FASC
— GLC

« Optimally combinedtheresultsfrom each calibration
source (Combined Radiometric Model)

 Resultaregains and biases
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\_

Radiometry Processing Subsystem (RPS) (cont.)
— Perform Level 1R Processing
« Characterize dataquality and artifactsintheimages

« Converteach pixelinasceneto absoluteradiance
priorto L1G processing

— Apply calibration (gains and biases)

— Correct artifacts (striping, banding, impulse
noise,droppedlines,etc.)

 Populate trending databases
— Shortterm (per orbit)
— Long term (life of mission)
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Code s Top Level Architecture (Cont.)
« Geometric Processing Subsystem (GPS)

— Perform Level 1G Processing

 Createasystematic sensor/spacecraftmodelbased on
the LOR PCD and MSCD

 Relateinputimage spacedetectorsto outputground
spacelocationsusingthemodel

« Resamplecalibrated (L1R)inputpixelstocreate
systematic (1Gs) images

« Updatethe modelusing ground control point
measurements

« ResampletheinputLl1lR datausingtheupdated model
and optionally removeterrain effects to create
precision (1Gp)orterrain corrected (1Gt) images

« L1Gimages usedto perform geometric characterization
\ and calibration j/
O 74
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Top Level Architecture (Cont.)

\_

Geometric Processing Subsystem (GPS) (cont.)
— Characterize L7/ETM+ Geometric Performance

e Compare L1G productstoground control points and
referenceimages forgeometric test sites

« Measure band-to-band registration
 Populate trending database
— Perform Geometric Calibration

o Estimate updates to sensor/spacecraft geometric
parameters

 Retain bestfit parametersintrending database
 Providegeometricinputto CPFgeneration
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 Evaluation & Analysis Subsystem (E&A)

— ASCIlland Image File Display

— Formatted Dumps and Hardcopy Outputs of Images

— Editing of System Input and Output Files, including
Image and Calibration Parameter Files

— Image Analysis

— Statistical and Trending Analysis

— Report Generation

— Screen Display of All Plots/Reports

— Accessto WO Submission Mechanism

— Accessto Custom IAS Applications for Radiometric and
Geometric Assessment and Evaluation

e Post WO Assessment
\ e Series of WO (trending) j/
O 76
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Software Design

| nter active I nterface

M anagement &
Control

L 1 Processing

Evaluation &
Analysis

Database

\_
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 Introduction

R. Schweiss

— Evaluation and Analysis

e System Test
K Conclusion

« Design Overview S.Johnston
« Hardware Architecture C. Brambora
« Operational Scenarios S.Johnston
« Software Design

— Querview J. Hasler

— Operations Interface J.Whelan

— Management and Control A.Williard

— Database A.Williard

— L1 Processing T. Ulrich

J.Storey

D. Kaufmann/M. Schienle

E.Crook
R. Schweiss j/
O 78
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Software Hierarchy

J.Whelan

| nter active I nterface

M anagement &
Control

L 1 Processing

Evaluation &
Analysis

Database

\_
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Operatorand Analyst User Interfaces

Operator Functions Analyst Functions

* start system

 shutdown system

* Set up system
parameters

e archive to tape

* Create new

procedure

* set up, control, and
monitor work orders

» generate Calibration
Parameter File

 request data

* view catalogs

 View system activity

 perform image
analysis

e execute custom
IAS applications

 analyze trending
data

sgenerate reports
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e Main

= Imacge Assessment System (JAS)

System Work Order Request Files Cal Parm File Monitor

Welcome to the Image Assessment System (IAS)

for Landsat 7

| [Not currently implemented :
Qﬁt: 0 <lnsert:
O 81
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Main Menu - System

1

System Work Order Request Files Cal Parm File Monitor

=. Choose File Destination | = )

......

Copy WO to Tape
Create New Procedure

Configure
Start IAS
Restart
Shutdown IAS
Close
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Main Menu - Work Order

1

|=l Choose File Destination e 0]

F.

System Work Order Request Files Cal Parm File Monitor

*  Create I~ | New
*  Update Product Id From Template
Processing ~ | Series
* Delete
Browse Parameters
*  Status
& n=-i Choose File Destination ; a i[;L

F.

System Work Order Request Files Cal Parm File Monitor

Create b
Update Product Id

* Processing r~| Continue
Delete Abort

Browse Parameters Completed

Status

* Accessible from analyst user interface O 83
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Main Menu - Request Files

1

||= Choose File Destination | = )

|7

System Work Order Request Files Cal Parm File Monitor

*  PAC Request
* FAC Request
* GLC Request
*  Conc Ephem Req

* : :
Accessible from analyst user interface
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Main Menu - Cal Parm File

—

|=l Choose File Destination Le ]

- System Work Order Request Files Cal Parm File Monitor

*  (enerate
*  Send

* . :
Accessible from analyst user interface
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Main Menu - Monitor

1

||= Choose File Destination = [

F.

System Work Order Request Files Cal Parm File Monitor

* Events

* LOR Products
* Transfers

* Query Database

* : :
Accessible from analyst user interface
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Ordering Data (from MOC) -- Cal Scene Req

-=-§ Caf Soeoerre Fecgeres? Ffor FAC By Orbid Merrprbaer?)

[ =1L

System Work Order Request Files <Cal Parm File Monitor

REQUEST FOR AFACGC/PAC CALIBRATIONM SCERME

File Prefix | Vversion [0 ]
Request Type P
Calibration Lamp < On o OFf
Lamp Sequence Mode < MNone <1 <2 <3 <-4 <5

Orbhit RMNumber I

Start Angle I

End Angle |

oain CHOOSE

Crestination CHOOSE

Ok CAMCEL

Count:

0 <lNnsert=
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Ordering Data (from MOC) -- Cal Scene Req (cont d)|
—=| Gafrs for Facfr Barnd I NI | é
System Work Crder Request Files <Cal Parm File Monitor
Choose the Gain for Each Band
Band Id 1 o Low < High < Default
Bandld = <~ Low ~~ High “ Default
BandIld 3 <~ Low ~~ High < Default
Bard |4 4 o Low «w High < Default
BandIld 5 - Low ~~ High < Default
Band ld & . Low < High <~ Default
Format 1
Bandld & - Low ~~ High < Default
Format =
Band |ld 7  ~ Low ~~ High < Default
Band Id = S L owr S High IA DEfElLllﬂ
O K RESET
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Ordering Data (from MOC) -- Cal Scene Req (cont’d)|

=| Cheose File Destination o il;l_

System Work Order Request Files Cal Parm File Monitor

SELECT A DESTINATION

TARGET HOST:

Host Name I

Address I

Def Target Path |

1AS HOST:
Def IAS Directory |

K RESET

O 89



MO& SD
Division
Code 500

IAS Critical Design Review

Define a Work Order

System Work Order Request Files Cal Parm File Monitor |
A
CREATE WORK ORDER
Requester: Iopera,tor Current Time: I3‘1—MAR—199? 151452
Start Date: |31—MAR—97 03:14:58 Req Compl Date: |
Request Type: < Std “~r Test < Custom
Priority: <~ High < Medium < Low
Ephem Type: = PCD < Def < Concen
Work Order Directory: I
Calibration Parameter File: I I
Procedure Id: | |
LOR Product Id: |
Work Order Comment: [ i,.
Ok | CAMCEL |
A

=

Count: 0

<lhsert=
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DefineaWork Order (cont’d)

=é Modify Parameters af Seript L evel i a iD
System Work Order Request Files Cal Parm File Monitor
A
MODIFY PARAMETERS AT SCRIPT LEVEL
Procedure Id: I
Script Id
A_ | LI Pause
| Frasme
| | P
/I | Framanae
Parm Name Array Element Parm Value
[N I I
| | |
| | |
| | |
| I I
| | |
| | |
| | |
| | |
| | | |
oK [ CANCEL |
£
=~ =
| Count: *0 <lnsert>
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DefineaWork Order (cont’d)

CREATE PROCEDURE

OK | CANCEL |

Count: 0 <lnsert>
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Monitor aWork Order

-=..; Work Order Stafirs

10

System Work Crder Request Files <Cal Parm File Monitor

WORK ORDERS STATUS

Refresh Rate: |

Work Order Id LOR Product Id Procedure ld Scriptid

Beconds

State

L

S

Work Order Path] [

T
Detail Status... | Scripts Status, .. |
FILTER CANCEL
i Count: “0 <Insert>
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MonitoraWork Order (cont’d)

= Work Order Status

System Work Order Recquest Files <Cal Parm File Monitor

YWork Order Id:

Type:
Work Order State:

Procedure Id:

WORK ORDER SCRIPT STATUS

I

“Count: *0

Seript Id State Exit Code
Ay | [ |
I [ [
|l [ [
7| I [
Parm Name Array Element Parm Value
||
| [ [
| I |
| I |
| | |
[ | [
B [ [
| [ |

oK | CANCEL |

<lhsert>
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MonitoraWork Order (cont’d)
.=.§ EVENTS WINDOW | a iEI
System Work Crder Request Files <Cal Parm File Monitor
TIMEANORK ORDER EVENTS
Filter by: <> Time ~ Work Order +~» Program Id
| |
Work Program
Date/Time Order ld Script Id Id Brief Message Detailed Message
Ay | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
Bl | | | |
| | | | | |
| lCount: *0 <lnsert:>
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Generate Primary Output Products -- Cal Parm File

= Generate Calibration Parameter Fite Enim

System Work Order Request Files Cal Parm File Monitor

GENERATE CALIBRATION PARAMETER FILE

Current Path of Baseline I
Configuration File

Path of Radiometry File |

Path of Geometry File |

Path/Name of UTC File [

Path of Mew Calibration I
Parameter File

GENERATE | CANCEL
o I I

Count: “0 <lnsert-
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Generate Primary Output Products -- Cal Parm File

-=..i SEMND CAL PAARN FRE WINDOW ; @ ;D j

System Work Crder Request Files <Cal Parm File Monitor

SEND CALIBRATION PARAMETER FILE

SELECT FILE: Filename
N | |

H ]

7| []

Cirectory

NOTE PATH: |

MOTIFY DAAC: “w Yes < No

FTP FILE:
Host MName I

Address I

Cef Target Path |

SEND | CAMCEL |

Count: “0 <lnsert->
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« Design Overview S.Johnston
« Hardware Architecture C. Brambora
« Operational Scenarios S.Johnston
« Software Design

— Overview J.Hosler

— Operations Interface J.Whelan

— Management and Control A.Williard

— Database A.Williard

L1 Processing T. Ulric
J.Storey
— Evaluation and Analysis D. Kaufmann/M. Schienle

e System Test E.Crook
K Conclusion R. Schweiss j/
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Software Design

| nter active I nterface

A. Williard

M anagement & L 1 Processing
Control

Evaluation &
Analysis

Database
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DMS Context Diagram

EDC DAAC
| Parm File
IASN\Reports
R S
Ca, ed Request
Cal DParm LCilg

MOC

Parm File
LPS

Tgnding Data

Cal Parm

Product
IAS PCS
Data Avalil
Pjoc Data Req
Data
Mangement Cal Parm FEile
Subsystem

1

AN

File Store

Ancillary Store

LPGS

Del
Filep
Image Data
Store
Work Order
Store
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DMS Task Model
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—
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.
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.
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PCS Context Diagram

IAS RPS

EDC DAAC

IAS GPS

OR Prod Orders
Prge~Parms

Proc_ Status

Proc Parm

Process
Control

Proc Status Subsystem

1

YO Inst
DAta_Avail Notice

Analygt Notif

Proc Da¥d Reqg

IAS E&A
IAS DMS
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PCS Task Model

Onperator
Interface

IAS Directive

IAS DB
'

RS Directive

Startun
IAS S/W
(PSI)

.2
er Alarms

ork/Exec

Tl = = -

Error Messaaeg

Work Order
Scheduler
(PWS)

System Loa

Work Order
Setup
'
wo .
Combletio Fork/Exec
E M Status . Work Order
rror Messaaes ' cript State
B IAS DB
1o
Work Order
Scripnt Setyp
Work Order
Controller
(PWC) - = -CreateFite = =
. WO Parm File
. Greafe - .- . Combletion
= = 7 Directory » Greate/ -~
. ! Close File S .
'
. ~ ork Order
k ' Fork/Exec Summary
. -~
. PRI .
.
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—_— Work Order \évrt;irrl:'order
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5
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DMS and PCS Tasks

Resource Manager (DRM)

— Monitor disk usage and
delete expired work orders
and LOR products

 Ingest MOC Files (DIM)

— Process files (ephemeris,
reports) received from MOC

« Data Manager (DDM)

— Startchildtaskto process an
LOR DAN or file xfer request

 Ingest LOR Files (DID)

— Retrieve LOR product from
DAAC and ingest

« Format Transmit Data (DFT)

— Transfer files (CPF, reports)
to MOC

 Generate Cal. Param. File (DGC)

— Merge RPS/GPS CPF updates
into baseline CPF

Ingest LOR Tape (DIT)

— Start LOR ingest by sending
(via socket) a simulated
DAAC DAN to DDM task

Startup IAS Software (PSI)

— Startup and monitor IAS
daemon tasks (PWS, DDM,
DRM, DIM)

Work Order Scheduler (PWS)

— Startawork orderwhen all
work order inputs are
available

Work Order Controller (PWC)

— Build work order execution
environment

— Start and monitor each work
order script

10
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\_

INPUT

— Scenario 1: Order LOR from DAAC

— Scenario 2: Ingest LOR from DAAC

— Scenario 3: Ingest Ephemeris and Reports from MOC
PROCESS

— Scenario 4: Setup/Start a Work Order

— Scenario 5: Setup/Start a Work Order Script

— Scenario 6: Assess Work Order Results; Mark WO for Deletion
— Scenario 7: Delete Work Order and LOR; Archive Work Order
OUTPUT

— Scenario 8: Build CPF; Transfer Report/CPF to MOC

— Scenario 9: Transfer Report/CPF to DAAC

SYSTEM

— Scenario 10: IAS Software Error/Status Reporting

— Scenario 11: IAS Startup

— Scenario 12: IAS Shutdown

10
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Operations Flow Diagram Symbols

Source
or Sink

1
Process

l lower_case = File

[ Data Store l UPPER_CASE = Dir

l *UPPER_CASE = DB

10
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Order LOR from DAAC

browse_image

v v

order_request
Operator
ESST
invoice_number PRT

L J

A

A

process_invoice

oul

f

process_request

¥

*WORK_ORDER
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Ingest LOR from DAAC
3
EDC Operator
DAAC DAN __ o[ DDM
2
———— » Qul
*EVENT_LOG \
LOR_product start process '
Analyst
g
Y
1
> DID
L ) — L )
system_log LOR_IMAGE
*LOR_CATALOG = ] *TRENDING
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Ingest Ephemeris and Reports from MOC
Operator
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l l FDF_EPHEM
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MOC_report
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Setup/StartaWork Order

WO characteristics

| Operator
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Delete Work Order and LOR: Archive Work Order

Analyst
4
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User tar
Script
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Build CPF; Transfer Report/CPFto MOC
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T

files to transfer

start process

*DATA_TRANSFER

UTC/A1_CPF
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Geometry_CPF

CPF_Control_File
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files to transfer

4
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Transfer Report/CPFto DAAC

1

Analyst File Transfer Request ECS Ingest
GUI

File Transfer Request EDC -
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File
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AUI
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Code s IAS Software Error/Status Reporting
Operator *EVENT_LOG IAS_system_log
) " [
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I —
Analyst [
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E&A
Work_Order_Log
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IAS Startup
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start process
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Code 500

IAS Shutdown

| Operator

kill process

1
Ooul
o
v
*|AS_DIRECTIVES
shutdown directive
2
PSI
kill process
kill process ‘ kill process
¥ ¥ ¥
3 4 5
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Division
Code s Database Design

 |AS Detailed Design Specification documents database
schema design

e PersonnelfromallIASsubsystemsreviewed schema
design

« Database provides majorroleinlASprocessing:

— Assistsinanomaly resolution by maintaining IAS
processing history

— Primary means of inter-process communication
— Maintains datafor:

 Trending

« Work Order Setup

 LOR Statistics

\_

12
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L 1 Processing
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Purpose of the RPS

« ProvideanlASAnalystwiththedataandtools neededto maintain
the radiometric calibration parameters - most importantly the gains
and biases used to convert digital numbers to absolute radiance -
in the Calibration Parameter File

— Provide the capability to calibrate the absolute radiometric
responseofeach detectortoanaccuracy of 5%

— Provide the capability to calibrate the relative radiometric
response between detectors to within 2%

 Process data from 3 onboard calibration sources and integrate the
results

— Internal Calibrator
— Partial Aperture Solar Calibrator
— Full Aperture Solar Calibrator

12
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Purpose of the RPS

Characterize Level OR data quality and assess the presence of
various image artifacts

Characterize the radiometric performance of individual ETM+
detectors

Generate Level 1R images, correcting artifacts and converting
pixels to absolute radiance

Generate processing reports

Generate parameters for ETM+ performance trending

12
O 4
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Radiometric Processing Characteristics

 Approximately 35 radiometric algorithms are implemented in RPS

 Algorithms generally fall into 2 categories - characterizations and
corrections

— Characterizations derive from a statistical analysis of IC and
scene data

— Instrument performance characterizations derive from an
analysis of scenes of largely uniform content (IC, FASC,
PASC)

 Algorithms are executed in a fixed sequence defined by the
Landsat-7 Project Science Office

 Algorithmsthatcanbeexecutedvarywiththetypeofscenebeing
processed (day, night, PASC, or FASC)

« User options can further restrict the execution of specific
characterizations or corrections

12
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Code 500 . .
Level OR Characterization
Imp Noise
Zl 2.3
Cal Data Characterize L ocate SCS
(OR) = = Impulse Noise = = (section =
(Cal Data) 26 —P 2314 only)
' .
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(OR) (partial)
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A/D Sat.
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Level OR Correction
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Level ORc Characterization

» Cal Data
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IC Processing
IC Lamp
Radiances Statistics
NOTE: Both reflective and emissive bands,
‘ J7 f areprocessed in parallel.
3.4.2
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Code 500 Level ORc Correction
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Level 1R Characterization and Correction
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RPS Context Diagram

Combined
Radiometric

Cal Parm File

LORc Chh L1R Image
(Task rOc)
2(’///

LOR Stats

L1R Char/Corr
(Task rir)

LOR Char/Corr L1Rc Image

(Task ror)

LORc Image

LOR Imacge

3
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L1 Stats

LOR Ancillary Data

L1 Stats
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LOR Stats
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Division

Code 500

RPS Operations Overview

Through the Operator or Analyst User Interface, an IAS user
iInputs a Work Order specifying:

— scene-id, scene type, bands to process, and Calibration
Parameter File to be used

— which characterizations and corrections are to be executed
— break points for review of intermediate results

Data Management Subsystem stages the specified input files
Process Control Subsystem initiates RPS tasks in sequence

RPS tasks perform requested characterizations and corrections,
generating corrected images, reports, and trending data

RPS notifies user at the completion of task execution that
processing results are available for review

The user then reviews the processing results and performs ad hoc
analyses using tools provided in the Evaluation and Analysis
(E&A) subsystem

13
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Division
Code s RPS Design Considerations

 Need to break up the total processing flow into reasonably-sized
tasks to permit easier maintenance and to allow for checking of
Intermediate results

 Desire to easily modify the order in which algorithms are executed

« Large volumes of data are being processed. Need to minimize |/O.
— LevelOR (byteimage)is 450 MB (IC and image, all bands)
— LevelORc (FP)is 1.8GB
— Level 1R (12)is 900 MB

 Need to design the 1R processing components for maximum
reuse by LPGS

13
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RPS Software Design/Operations Features

e Organized into 3 major inline and several offline (E&A)
applications.

« The major inline applications are split at points where
intermediate images (ORc and 1R) are generated

« Each application contains “sub-drivers” that control the order of
algorithm execution. These are easily modified to change the
order of algorithm execution.

« RPSprocessesoneimagebandatatime. Tominimizel/O,the
entirebandisreadinto memory and accessedtherebythe
algorithms.

 Subinterval image files are split along scene boundaries and
processed. The results are combined, where necessary, in E&A.
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O 5



MO& SD
Division
Code 500

IAS Critical Design Review

RPS Level 0 Task Diagram

Combined
Radiometric

Cal Parm File

LORc Chh L1R Image
(Task rOc)
2 J

LOR Stats

L1R Char/Corr
(Task rir)

LOR Char/Corr
(Task ror)

LORc Image

LOR Image

3

1 PCD PCD

L1 Stats

LOR Ancillary Data

L1 Stats

L1IR Stats

LOR Stats

Char Cal Stats
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Code 500

RPS Tasks

 Level OR Characterization and Correction (Task rOr)

Processes the Level OR product ingested from the DAAC

Identifiesthelocations of pixelsthatneedtobeignoredin
downstream statistical analyses - missing minor frames,
Impulse noise, saturated detectors, scan-correlated shift

Performs additional characterizations - coherent noise,
memory effect, and scan-correlated shift - when processing
night or FASC scenes

Corrects the Level OR image for coherent noise, memory
effect, scan-correlated shift

Outputs corrected Level OR image (LORc)

13
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RPS Tasks

 Level ORc Characterization and Correction (Task rOc)

— Processes IC data to characterize random noise and A/D
saturation

— Assesses detector performance characteristics (e.g., SNR)

— Generates gains and biases by analyzing scene content (IC,
FASC, and PASC)

— Radiometrically corrects scene data by applying gains and
biases from a user-specified source

— Outputs radiometrically corrected Level 1R image (L1R)

13
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RPS Tasks

 Level 1R Characterization and Correction (Task rir)

— Cosmetically corrects 1R image. Corrects for missing minor
frames, inoperable detectors, saturated detectors, striping,
and banding

— Generates Level 1Rc image

« Combined Radiometric Model (Task CRaM)

— Performs statistical comparison of calibration results from all
calibration sources

— Integrates the results from all calibration sources into an
“optimal” calibration solution

13
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Radiometric Evaluation and Analysis (E&A)

Radiometric applications generate text reports and plots as well
astrending datathatarestoredinthelAS Oracledatabase

Once algorithm execution has completed, the Analyst is alerted
that results are available for review

Text reports and plots are viewed using utilities invoked from the
E&A User Interface

E&A will provide the user interface to canned database queries
needed to generate the trending displays specified in the
algorithm descriptions

Free form database queries will also be supported

Generic image processing capabilities (image display and
manipulation) will be provided via ENVI and IDL

14
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« RPS Detailed Design (Structure Charts and MSpecs) were
reviewed with the Radiometry Team 3/25 and 3/26.

 Approximately 4 low priority algorithms and the CRaM remain to
be designed. Issues relating to these algorithms were resolved at
the design walkthrough.

 Decisions were made at the design walkthrough to move parts of
someofthealgorithms outofthemaininlineprocessing flow and
into E&A. Thedesign mustbeupdatedtoreflectthesedecisions.
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Geometric Processing Subsystem

« Key Requirements
 Operations Concept
— Work Order Processing
 Level 1G Processing
— Analyst Operations
« Geodetic Test Sites
« Geometric Super-Sites
 Band-to-Band Sites
« Subsystem Processes
— Level 1G
— Geometric Characterization
— Geometric Calibration

14
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GPS Key Requirements

Level 1G Processing

— Process PCD and MSCD to create spacecraft
and sensor model

— Create systematic (1Gs) products

— Create precision (1Gp) and terrain corrected
(1Gt) products

Geometric Characterization

— Evaluate geodetic accuracy

— Evaluate internal geometric accuracy

— Evaluate image-to-image registration

— Evaluate band-to-band registration
Geometric Calibration

— Determine sensor/spacecraft misalignment

— Characterize and update along and across
scan parameters (scan mirror profiles)

— Determine band-to-band registration parms

14
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GPS Operations Concept

Work Order Processing
— L1G Procedures and Scripts
— Char/Cal Procedures
 Geometric Super-Site Example
Analyst Operations
— Geodetic Test Site

« Geodetic Accuracy Assessment and
Alignment Calibration

— Geometric Super-Site

* Image-to-Image Registration, Geometric
Accuracy Assessment, and Scan Mirror
Calibration

— Band-to-Band Test Site

« Band-to-Band Registration Assessment
and Band Placement Calibration

14
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GPSWork Order Processing

L1G Procedures

Level 1G Systematic Product Generation
Level 1G Precision Product Generation

Level 1G Terrain Corrected Product
Generation

Char/Cal Procedures

Geodetic Characterization
Sensor Alignment Calibration

Geometric Super-Site Characterization and
Calibration

Image Registration Characterization

Band-to-Band Characterization and
Calibration

14
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Code s Geometric Super-Site Procedure

\_

Operator sets up work order
— Selects Geometric Super-Site Procedure
— Enters required parameters (e.g., input OR product ID)
— Verifies default parameters
— Submits work order
PCS manages automated processing
— Model Initialization (TMINIT-PCD script)
— Level 1R processing (L1R script)
— Systematic Grid Generation (TMGRID-SYS script)
— Systematic Pan Band Resampling (TMRESAMPLE-SYS script)
— GCP Correlation (TMPRECISION-GCP script)
PCS suspends work order (after TMPRECISION-GCP script)

14
O 8



MO& SD
Division

IAS Critical Design Review

Code 500

Geometric Super-Site Processing Phase 1

el
Model
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Geometric Super-Site Procedure (continued)

« The analyst manually invokes the TMPRECISION program via an
IDL GUI to run the precision solution interactively

— Reviews results of precision solution with automatic outlier
rejection

— Adjusts parameters and reruns until solution is acceptable
— Updates work order with adjusted parameters
« PCSresumes automated processing

— Precision solution computed using final parameters, GCP
library statistics updated (TMPRECISION-SOLVE script)

— Precision Grid Generation (TMGRID-PREC script)
— Terrain Correction Resampling (TMRESAMPLE-TERR script)
« PCS suspends work order for analysis

 Analystinvokes IDL to run Geometric Accuracy Assessment and
Scan Mirror Calibration applications

 Analyst declares work order complete after all analysis tasks are
finished

15
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Geometric Super-Site Processing Phase 2
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Geometric Super-Site Analysis
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Analyst Operations

Geodetic Test Site
— Geodetic Accuracy Assessment
— Alignment Calibration
Geometric Super-Site
— Image-to-Image Registration
— Geometric Accuracy Assessment
— Scan Mirror Calibration
Band-to-Band Test Site
— Band-to-Band Registration Assessment
— Band Placement Calibration

Analysis functions are accessed through
custom IDL Graphical User Interfaces

— GUI interaction with software and analyst
documented in STDs

— Prototype GUI developed to demonstrate
widget types
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O 3
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e GPS Processes

« Level 1G Processes
— TMINIT - model initialization
— TMGRID - correction grid generation
— TMRESAMPLE - image resampler
— GCPCORRELATE - control point correlation
— TMPRECISION - precision correction computation
— GCPLIBSTATS - GCP library update
« Geometric Characterization
— GEODETIC - geodetic accuracy assessment
— GEOMETRIC - geometric accuracy assessment
— B2BCHAR - band-to-band registration assessment
— I2ICHAR - image-to-image registration assessment
« Geometric Calibration
— ALIGNCAL - sensor alignment calibration
— MIRRORCAL - scan mirror calibration
— BANDCAL - band placement calibration

15
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GPS Overview

GCPs
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L1G Processing Flow

 Create and initialize L7/ETM+ model - TMINIT

 Generate systematic image correction grid from model - TMGRID
 Create systematic (1Gs) image - TMRESAMPLE

« Measure ground control in systematic image - GCPCORRELATE
« Compute updates to model to fit ground control - TMPRECISION
« Record ground control point performance - GCPLIBSTATS

 Generate precision image correction grid from updated model -
TMGRID

« Generate precision (1Gp) or terrain corrected (1Gt) image -
TMRESAMPLE

« Processes share acommon set of support libraries

 Processes are invoked by scripts with associated default input
parameters selected for use in a particular context

15
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Key Functions
— Process PCD and MSCD to create the L7/ETM+ model
— Option to use PCD ephemeris or FDF definitive ephemeris

— Optionally verify LOR metadata scene center, scene corners,
and sun angles

Inputs
— Time corrected PCD and MSCD from OR product
— CPF and metadata from OR product
— FDF definitive ephemeris file (optional)
— Work order parameter file
Outputs
— ETM+ model file (ASCII)
— Metadata report file (optional)
— Attitude data processing trending output
Invoking Scripts
— TMINIT-PCD and TMINIT-DEFINITIVE

15
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« Key Functions

— Define output image coordinate system (frame) using input
parameters (e.g., corners, projection, pixel size, orientation)

— Include options for minbox (MBR) and standard path-oriented
frame computation

— Creategridofpointsininput (1R)imagespaceand compute
corresponding output (1G) image space locations

 Inputs
— ETM+ model file (systematic or precision)
— CPFand DDRfrom L1Rinput
— Work order parameter file
 Qutputs
— Grid file (HDF)
* Invoking Scripts
— TMGRID-SYS and TMGRID-PREC
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Codest Level 1G Processes - TMRESAMPLE

Key Functions
— Generate 1Gs (1Gp) image by applying a systematic (precision)
correction grid to the L1R input image

— Generate a 1Gt image by incorporating corrections for terrain
effects computed from a digital elevation model

— Provide CC, NN, and MTFC interpolation options

Inputs

— L1R image, DDR, and CPF

— Grid file (systematic or precision)

— DEM (with DDR) and ETM+ model file (terrain correction only)
— Work order parameter file
Outputs

— L1G image and DDR

— Terrain correction table (terrain correction only)

— Scan gap trending output

Invoking Scripts

— TMRESAMPLE-SYS, TMRESAMPLE-PREC, TMRESAMPLE-TERR
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« Key Functions

— Extract GCPs from library based on input criteria (e.g., date,
source)

— Compute predicted GCP locations in 1Gs image and extract
windows

— Correlate GCP chips with windows to measure actual location
— Update correlation statistics in GCP library
 Inputs
— GCP library file
— GCP image chips
— 1G image and DDR
 Qutputs
— GCP data file (correlated locations)
— GCP library file statistics update

* Invoking Scripts
— TMPRECISION-AUTO and TMPRECISION-GCP

16
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Level 1GProcesses-TMPRECISION

« Key Functions

— Use GCP measurements to compute corrections to ephemeris
and attitude in ETM+ model file

— Can be executed in automated or interactive modes to allow
the analyst to evaluate and adjust the results of automatic
outlier detection and rejection

 Inputs
— GCP datafile
— ETM+ model file (systematic)
— Grid file
— L1R and L1Gs DDR files
— Work order parameter file
 Qutputs
— Precision solution and GCP residual files (ASCII)
— Precision ETM+ model file
* Invoking Scripts
— TMPRECISION-AUTO and TMPRECISION-ANALYST
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Division
Codest GPS Libraries

« ETM+ Model Library

— Model support (e.g., attitude processing, LOS projection)
« Geometric Library

— Geometric support (e.g., Map projections, coord transforms)
e Algorithm Library

— Geometry algorithm support (e.g., correlation)
 Math Library

— Basic math (e.g., matrix algebra, statistics)
« Utility Library

— GPS data handling (e.g., GCP library manipulation)
 File I/O Libraries

— GPS specific files (e.g., Grid, DDR, Terrain data)
e Global Libraries

— CPF, PCD, MSCD, image /O

— Process status and error handling

— Database I/O (trending)
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Code 500

Geometric Char Processes - GEODETIC

« Key Functions

— Analyze output of GCP mensuration in 1Gs image (pre-fit) to
assess systematic geodetic accuracy

— Report results to trending database
— C application invoked by IDL user interface

 Inputs
— Precision correction residual file
 Outputs

— Report file (ASCII)
— Trending data (DB)
« Associated Procedure
— Geodetic Accuracy

16
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Geometric Char Processes - GEOMETRIC

Key Functions

— Analyze output of precision correction to assess internal
geometric accuracy

— Report results to trending database

— C application (invoked by IDL user interface) analyzes post-fit
residuals to detect remaining distortion

— IDL tools used to display image and analysis results

Inputs

— Precision correction residual file
— 1Gsorl1lGtimage

Outputs

— Geometric accuracy report file (ASCII)
— Trending data (DB)

Associated Procedure

— Geometric Super-Site

16
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Geometric Char Processes -IMAGE TO IMAGE

Key Functions
— Correlate 1Gt image with reference scene to measure multi-
temporal image-to-image registration
— Test points may be pre-defined or automatically generated
— Report results to trending database
— C applications invoked by IDL user interface
Inputs
— 1Gtimage and DDR
— Reference 1Gt image and DDR
— Tie point location file (optional)
Outputs
— Correlation results file (ASCII)
— Report file (ASCII)
— Trending data (DB)
Associated Procedure
— Image Registration
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Division
Codes00 Geometric Char Processes - BAND TO BAND

Key Functions

— Correlate across 1Gs image bands to measure band-to-band
registration

— Test points may be pre-defined or automatically generated
— Report results to trending database
— C applications invoked by IDL user interface
Inputs
— 1Gs image and DDR
— Tie point location file (optional)
Outputs
— Correlation results file (ASCII)
— Report file (ASCII)
— Trending data (DB)
Associated Procedure
— Band to Band
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Geometric Cal Processes-ALIGNCAL

Key Functions

— Use Kalman filter to integrate new precision correction results
into current best estimate of ETM+ to L7 alignment bias state

— Report results to trending database

— At analyst direction, construct new CPF alignment matrix
— C applications invoked by IDL user interface
Inputs

— Precision solution file

— CPF (from L1R product)

— Alignment state file (ASCII)
Outputs

— Updated alignment state file

— Report file (ASCII)

— Trending data (DB)

— CPF alignment matrix (ODL file)
Associated Procedure

— Sensor Alignment
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Division
Code 00 Geometric Cal Processes - MIRRORCAL

« Key Functions

— Correlate 1Gt image with non-ETM+ reference image to detect
systematic deviations from scan mirror profile

— Report results to trending database
— At analyst direction, construct new CPF mirror profiles
— C applications invoked by IDL user interface
 Inputs
— 1Gtimage (pan band) and DDR
— Reference image and DDR
— ETM+ model and grid files (precision)
— DEM (with DDR) and terrain correction table
— CPF from input L1R product
 Qutputs
— Report file (ASCII) and trending data (DB)
— CPF mirror profiles (ODL file)
« Associated Procedure
— Geometric Super-Site
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Geometric Cal Processes-BANDCAL

Key Functions

— Compute best fit band center location updates using results of
band-to-band registration assessment

— Report results to trending database

— At analyst direction, construct new CPF band center locations
— C applications invoked by IDL user interface
Inputs

— Band-to-band correlation results file

— Grid file

— L1R DDR and CPF

Outputs

— Report file (ASCII)

— Trending data (DB)

— CPF band center locations (ODL file)
Associated Procedure

— Band to Band
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Division
Code 500

Agenda

 Introduction

R. Schweiss

« Design Overview S.Johnston
« Hardware Architecture C. Brambora
« Operational Scenarios S.Johnston
« Software Design

— Overview J.Hosler

— Operations Interface J.Whelan

— Management and Control A.Williard

— Database A.Williard

— L1 Processing T. Ulrich

J.Storey

. ystem Tes
KConclusion

‘ — Evaluation and Analysis D. Kaufmann/M. Schienle I
.Croo
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MO& SD
Division
Code 500

Software Design

| nter active I nterface

D. Kaufmann/M. Schienle

M anagement &
Control

L 1 Processing

Database

\_
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Division
Code 500

Evaluation and Analysis Subsystem Purpose

« ThepurposeoftheE&A Subsystemistoprovidethetools
required by anlIASanalystto

— evaluate and analyze ETM+ instrument performance
— maintain the Calibration Parameter File
— perform anomaly investigations

— generate reports detailing calibration, assessment, evaluation,
and anomaly resolution activities
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O 2
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IAS Critical Design Review

E&A Context Diagram

EDC DAAC

Char Cal Stats Ancillary
Store Store

Evaluation

Reports & Analysis -
(E&A) /\ Analyst Notif

IAS PCS

WO Inst

0

Image Data

Cal Parm File
Store

Store

O 3
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Primary E&A Functions

Display

[ IAS Data
Op_Inst

Cal_Parm_File

Ancillary
Edit
IAS Data
) Image_Data
Analyst_Notif

| Char_Cal_Stats

Op_Inst
. Op_lInst Analyze
Provide IAS Data
Analyst IF An Res

/y

An_Res

Op_lInst \

| LOR_QC_Stats

Generate
Op_lInst Reports
Reports
EDC DAAC
Submit
Jobs >
Proc_Parms

WO_inst
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IAS Critical Design Review

E&A COTS Products (1 of 3)

Interactive Data Language (IDL)

designed for general-purpose data analysis and visualization,
and application development

satisfies E&A requirements for data analysis and plotting
functionality

provides the capability to produce “canned” routines for
standard trending plots

enables development of fill-in forms for editing work order
input files for “what if’ analyses

text widget enables viewing of output ASCII files

17
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IAS Critical Design Review

E&A COTS Products (2 of 3)

« Environment for Visualizing Images (ENVI)

designed for panchromatic, multispectral, and hyperspectral
analysis of satellite and aircraft remotely-sensed data

provides a customizable graphical user interface (GUI) for the
E&A subsystem

satisfies E&A requirements regarding image visualization,
editing, analysis and output

GUI provides access to custom radiometric and geometric
applications as well as to other COTS tools

iImplemented in IDL

17
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Division
Codest E&A COTS Products (3 of 3)

\_

FrameMaker

— document publishing software package that includes page
layout, word processing, graphics, equations, and tables

— used to generate IAS reports
Oracle

— OracleformsusedbythelASanalystforwork order
submissions and database queries

— provides access to trending data for analysis

17
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Division
Code 500

E&A Task Overview (1 of 2)

 Retrieve Data from the Oracle Database into IDL

— facilitates trending analysis as well as custom IAS
applications requiring database access
 View LOR Ingest Reports
— provides formatted display of LOR ingest reports

 Perform Impulse Noise Analysis
— provides the capability to perform bit flip classifications in
support of the evaluation of impulse noise

« Perform Coherent Noise (CN) Analysis

— providesthecapability toobtain,using theresults oftheCN
algorithm, estimates of the random noise variance for
comparison with the histogram analysis

17
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Code 500

E&A Task Overview (2 of 2)

Perform Random Noise Analysis

— provides the capability to convert and plot detector level
means and standard deviations, as well as to view output plots
and reports from the random noise characterization

« Perform Gain Fitting for the CRaM

— provides the capability to perform gain fitting on the results of
the CRaM algorithm, as well as to examine correlation
coefficients between gain functions and analyze calibrator
output degradation factors

 Perform Evaluation of the Correct Coherent Noise Algorithm

— provides the capability to assess residual coherent noise
components remaining in an image after coherent noise
correction.

 Perform Trending Analysis
— provides the capability to perform analysis on the data
contained in the trending database
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Code 500

Operatorand Analyst User Interfaces

Operator Functions Analyst Functions

* start system

 shutdown system

* Set up system
parameters

e archive to tape

* Create new

procedure

* set up, control, and
monitor work orders

» generate Calibration
Parameter File

 request data

* view catalogs

 View system activity

 perform image
analysis

e execute custom
IAS applications

« analyze trending
data

sgenerate reports

18
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AnalystUser Interface Main Menu

1 L)

= EMUY

=10
< Operator Functions Image Analyzi=z IAS Applicationsz || Trending Hnalusisl Quarterly Feports | II!uitI :

» Operator Functions
e Image Analysis

* IAS Applications

e Trending Analysis
* Quarterly Reports
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MO& SD IAS Critical Design Review

Code 500

Obtaining Work Order Status (1 of 3)

1

L= EMAY

B

Wark Order

5 Operator Functions Inage Analysziz

rh

IAS Applications || Trending Analysiz)| Ouarterly Reports | Duitl

becovceviee, boveveec,

Request Files
Cal Parm File
Monitaor

DAAC Interface

-

-

-

Ouit

Create Mew

Create From Template
Create Series

lpdate Product IO
Delete

Continue Proceszsing
Abort Processing
Mark Completed
Status

Copy Mork Order Files
Yiew/Edit Cal Parm File
Wiew LOR Ingest Report

» choose the “ Status” selection from the Operator Functions/Work Order

submenu
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IAS Critical Design Review

Obtaining Work Order Status (2 of 3)

= Work Order Status 1 a i[]

System Work Order Request Files Cal Parm File Monitor

WORK ORDERS STATUS
Refresh Rate: |—

Work Crderld LOR Product Id Procedure ld Scriptid State

Work Order Path] [
OR Path: |

Detail Status, .. | scriptes Status, .. |

FILTER CANCEL

“Coum: “0 <Insert>
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Obtaining Work Order Status (3 of 3)

=i Werk Order Status l : iD

System Work Order Request Files Cal Parm File Monitor

_Count: “0

Y

WORK  ORDER  SCRIPT  STATUS

Work Orderld: [ |
Type: li

Work Order State: li
Procedure Id: li

Script Id State  Exit Code
A L | |
| |
| |
| |
Parm Name Array Element Parm Value
| |
I [ I
| [ I
| I |
| l |
[ | [
| |
| |

OK [ CANCEL

<Insert>
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Code 500

Opening an Image File (1 of 3)

(= v iil;l_i

5 Operator Functions Inage Analyszisz IAS Applications | Trending Analyzizll Ouarterly Reports | l]uitl

File [ ]
- . 0Open Image File

becovceviee, boveveec,

Bazic Tools

e Open External File r
Ucilities = Remote Sensing Formats -
Open Yector File -
Transforms .~ Image Formats F CIF
Filters ~ Sean Directory List Digital Elewation -
Syztemn » Available Band= List HOF
Available Yectors List JPEL
Open Files List PICT
Edit EMVI Header =RF
Change Output Dlirectory BHF
Close All Files TIFF
ANl

e choose the “HDF” selection from the Image Analysis/File/Open
External File/lmage Formats submenu
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Opening an Image File (2 of 3)

Available band list

HDF file selection window

Band 2:bi

- Band 3:bighorn

=| Enter HDF Filename L a ;[;JJ Band 4:bighorn
- Band S:bighorn
Fathy IqulfiasdequauFmandf Band B:bighorn

Filter: |*+hdF

Subdirectories Files 4 Gray Scale s RGE Color

et
Jdes
+hh
Lhet
bin
CEC
data
doc

ktop—iasdevl Selected Band:

Band 1:bighorn

TCape -

Selection: Itest,hdﬂ

Dimsz?

512 « 012 (Byte}

0k, I Canhcel I Help I

Active Dizplay: I Hextl Hew |

I | Load Bandl Cloze FileI Eancelll_‘l‘l

.=.i Available Band List e 0]
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Opening an Image File (3 of 3)

ENVIimage display windows

=| #I Band 1.bighorn
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IAS Applications (Radiometry, 1 of 2)

Impulse Noise Example

(= v iil;l_i

5 Operator Functions Inage Analyszisz | IAS Applications ||Trending Analyzisl Ouarterly Reports | Duitl

Radiometric F

becovceviee, boveveec,

= Impulze MHoize I
GCeometric -

Coherent Moisze
Random Moise
FASC

CRak

Correct CM

* choose the “Impulse Noise” selection from the IAS
Applications/Radiometric submenu

18
O 8



MO& SD IAS Critical Design Review

Division

Code 500

IAS Applications (Radiometry, 2 of 2)

Database query

Bit Flip Classification

= fmpiise Naoise — Guery

=.§ Impiilse Noise — Bit Flip Characterization

Impulse Noise Query

Impulse Noise Occurrences

WRS Path: II WRS Row: | _ |

Data Type: FASC Row/Paths: 123/023-028 Bands: 1-5 Detectors: ALL

Start Time: I End Time: I

Data Type: Might |

Trend Data Source:  [AS Operatdons |

Band: 11 12 13 14 45 16 _17

Detectors: I (ALL or cormna delimited list)

Query| Clear| Quit|

B Det =CEn i -1 CY +1 M5B Flips
1 3 411 29 12 154 31 Y HNM
1 3 421 375 12 176 o7 Y HNY
1 3 431 464 12 159 19 NHY H
1 3 441  B53 11 142 20 MYV H
1 3 501 123 11 163 43 e
1 3 511 296 12 154 21 e
1 9 521 375 12 176 o7 e
1 9 521 464 12 159 19 e
2 3 541 E53 11 142 20 #H#H
2 3 GO1 123 11 163 43 #H#H
2 3 f11 28R 12 154 31 #H#H
2 3 621 375 12 176 o7 #H#H
Save Data to Trend DB| Quit|
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Band Registration Characterization Prototype

 Prototype IDL GUI developed to demonstrate IAS geometric
analyst user interface concepts

« Band-to-band registration characterization selected for prototype
— Most complex data display and management requirements

— Includes tabular data display (test points and residuals) and
plotting (vector, contour, surface) requirements common to
most other geometric characterization processes

 |DL user interface procedure invokes custom C software to
perform IAS-specific processing (test point generation and
correlation)

« Built-in IDL functions used for statistical analysis, display, and
plotting

* Invoked interactively from E&A environment via Analyst Menu

19
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IAS Applications (Geometry)

Band-to-Band Characterization Example

(= v iil;l_i

5 Operator Functions Inage Analyszisz IAS Applications IlTPendinq Analyzisl Ouarterly Reports | Duitl

becovceviee, boveveec,

Radiometric -

Geometric F f
— e THIMIT Report

Senzor Alignment Cal

Band-to-Band Char I

Bahd Location Cal
Image-to-Image Char
Scan Mirtor Cal
Geodetic Accuracy Char
Geometric Accuracy Char

Precizion GCP Solution

* choose the “Band-to-Band Char” selection from the IAS
Applications/Geometric submenu
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Band Registration Parameter Entry Screen
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Correlation Results - Valid Points and Outliers
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Correlation Results - Valid Points and Statistics
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Band Registration Vector Plot Screen

!

Iﬁl'\ Tory Veoto
A bihan Bano '

s e
"E'&ﬂgs! \ﬁhllml_g&a’bmghu
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Band Registration 3D Plot Screen
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Trending Analysis (1 of 5)

(= v iil;l_i

5 Operator Functions Inage Analyszisz IAS Applications || Trending Analysiz)| Ouarterly Reports | l]uitl

becovceviee, boveveec,

e choose the “Trending Analysis” selection from the Analyst
User Interface main menu
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Trending Analysis (2 of 5)

Trending selection

1 1

= frending Analvsis Sefection Panef ; a ;[;H

Trending Category: 4 Radiometric -, Geometric +, Ad Hoc

Radiometric Algorithms
A lmpulse Moise a Modulation Transfer Functon - FASC
+ Memory Effect + Random Noise s 1C Emissive
+ Scan Correlated Shift |4 Histogram Analysis o 1C Reflective
+ Coherent Moise ~ Relative Radiometry s CRaM
s Detector Saturation - Absolute Radiometry + Banding

+ Detector Inoperability - PASC

Cuntinuel Canc,ell Helpl
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Trending Analysis (3 of 5)

Histogram trending window

=| Histegram Trending

Histogram Trend Plots

WRS Path: WRS Row: | - I

Start Time: End Time: I

Data Type: Day | Trend DataSource:  [AS Qperations —i

Type of Trend Plot

By: -~ Band (Fwd Scans) .- Band (Rev Scans) . Detector I

+ Oain Rate (Smd Dew) to Ref + Time
+ Gain Ratdo (eans) to Ref + Time Since ON
+ Gain Rato (Smd Dev) to Avg v + Focal Plane Temps
+ Gain Rado (Means) to Avg + 1C Flag Temps
Noise Filter: I'-Iun_a.ll Predefined Plots: None - I Fit Funct'mnsl View Plot Statsl View Datal Set Plot Parrnsl Pn'ntI Save to Fﬂel

Save Settings| Clear Settings | [ Plot Trend Data|] Quit|
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Division

Code 500 . .
Trending Analysis (4 of 5)
Viewing data
= Uiew Data e §|;|_j
e [ = v |
Function fitting
= Function Fitting Window a i[;]_l
Available Functonal Forms
v =
Ouadratic: v =58 + Bx + Cx"Z
Cubic: v =& + Bx + Cx*2 + Dx3
Exponential: v = & + Bexp(Cx) o a
7 @
Fitted Parameter Values 1.2 a9
8 8
& = |no walue B =|no walue 0.1 9
a 1
C = |no value D = |no value 9.8 12
12 0.1
8.1 1
|| Perform FitI Plat Newl Ove:rplntl Dunal 4 1
8.4 83
2R 8
I =

O o0
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Trending Analysis (5 of 5)

Setting plot parameters

1

Viewing plot statistics

= Sef Plot Paramelers

Lvailable Plot Syrnbol Types

~ plus sign {+) < perdod {.) |49 miangle| - cross (0

~ asterisk (*y - diamond - square -, histogram mode

A-Axs Controls

s Linear «, Logarithmic

Y- Axs Conmrols

~ Linear -, Logarithmic

YHIN | 0.0

=.i Plot Statistics a il;l_j

EMIN I 0.0

HAMAX | 100.0

ThAX | 1000

Apply Changes I Cancell

Minimum: I],[]

Maximum: 0.0
Mearn: 0.0
Median: 0o

Variance: |00

Std Dew: 0.0

LONE I :
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Report Generation (1 of 2)

L= EMNVY i a i[] g

5 Operator Functions Inage Analyszisz IAS Applications || Trending Analysiz)| Ouarterly Reports I Duitl
GCenerate
Stage
Send

e choose the “Generate” selection from the Quarterly Reports menu

20
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Report Generation (2 of 2)

Selecting the report

=.i Guarteriv Aeport Selection Panef i o i I;I_j

s Calibration Reports  +, Evaluaton Reports ~ Other

4 Assessment Reports « Anomaly Resolution Reports

Assessment Report Selecton:

+ Detector Cperability ~ Geodetic Accuracy
4 Radiometfric Accuracy » Geometric Accuracy
A Streaking sand Banding + Band—to—Band Begistration Accuracy

+ Correlated snd Coherent Moise < Image—to—Image Registration A ccuracy

v MTF ~ Image Artifacts

« SNR

E CreateNewRepurtI MudjnyxisﬁngRepnrtI Cancell Helpl

» selection launches FrameMaker with the appropriate report
template or existing report
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Code 500 Agenda

 Introduction R. Schweiss
« Design Overview S.Johnston
« Hardware Architecture C. Brambora
« Operational Scenarios S.Johnston
« Software Design

— Overview J.Hosler

— Operations Interface J.Whelan

— Management and Control A.Williard

— Database A.Williard

— L1 Processing T. Ulrich

J.Storey
— Evaluation and Analysis D. Kaufmann/M. Schienle

e System Test E.Crook
« Conclusion . Schwelss
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Agenda

‘ e System Test I

— System Test Objective

— System Test Strategy

— Algorithms testing and verification
— System Test Processes

— Configuration Control Activities

— System Test Activities

— System Test Tools

— System Test Issues

20
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System Test Objective

Operations

'

Mission Readiness

Test
Acceptance/Operational
Testing (EDC) / Acceptance Test
A Factory Acceptance Test
| (at GSFC)
A System System Test
Testing

|
Y

System Integration

A
|

/ Build Integration

Implementation / Module Integration

Testing /

Module Test (Unit Integration)

Unit Test

Y
/

Test Planning
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System Test Strategy

Conduct rigorous algorithm testing during the module test
phase

Once in the system test phase, compare algorithm results
Verify proper implementation of interfaces
Verify compliance with requirements

20
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Algorithm Testing & Verification

Radiometry Algorithm Testing

Joint testing effort (testing & development)

|ldentify algorithm test cases

|ldentify test tools requirements (Test data, drivers and stubs)
Verify Test Tools

Conduct tests

Analyze and verify test results (developers, testers,
consultants, science team ...)

Geometry Algorithm Testing

EDC testing effort
Conduct tests and verify test results

20
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 |AS System Integration and Test Plan

— Documents the plan and requirements for the
Development Verification and Validation

e System Test Procedures

— Contains detailed procedures for each release test,

generated 1 month before beginning of each release
system test

 Test Procedures Walkthrough

— Conducted 3 weeks before beginning of each release
test, insures that the proposed test procedures
adequately describe the operation of the system and
verify the system requirements implemented for the
current release.

20
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System Test Processes(cont.)

System Test Readiness Review

— Conducted 1 week before beginning of each release test
to ascertain readiness of software and system test
activities

System Test Reports

— Test summary reports are generated within 4 weeks of
completion of each release test

21
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Configuration Control Activities

 Maintain configured test tool library

« Document each test environment (i.e., software versions) via a

checklistauditpriortothestartofatestperiod.
« Establish and maintain software baseline

 Provide cleanup and maintenance of the test environment after

each release test

 Receive software turnover from the development group, promote
units to the test environment, release the system executables and

copy them to the test environment
 Prepare software installation packages
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Division

Code 500 System Test Activities

System Test Activities Status
Insure testability of System Requirements Complete
Insure testability of Software Requirements Complete
Develop System Integration and Test Plan Complete

Test Data Requirements

Test Tool Identification

Establish Test Schedule
Develop Necessary Test Tools In Progress
Develop System Test Procedures For each release

Create Test Scenarios

Generate Test Data Sets

Verify Test Tools

Develop detailed test schedule per release

Conduct System Test Readiness Reviews For each release
Integrate System Components For each release
Execute System Tests For each release
Generate Test Summary Reports For each release

21
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Code 300 System Test Tools

Database Table Dumps CNMOS

\_

TOOL RESOURCE
GTSIM CNMOS
LPS CNMOS
HDF Swath to HDF CNMOS
EDC DAAC Simulator CNMOS
MOC Simulator CNMOS
VSHOW CNMOS
Collage CNMOS

STATUS

Reformat L5 to L7 format
Release 2 in Integration
TBD

Release 1

Release 1

COTS

COTS

Complete

21
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Code 500 System Test Issues

 There are 3 test requirements which require post launch data
for test verification.

-3.2.3.4ThelASshallbeableto createsystematic imageryto a
geodetic accuracy of 250 meters, 1 sigma, providing all
Inputs are within specification. Performance applies to along-
track and cross-track directions and is referenced to a nadir-
viewing geometry.

- 3.2.3.8 The IAS shall provide the capability to perform image-
to-image registration to an accuracy of 0.4 multispectral
sensor GSD 0.9p , inthe along-track and cross-track
directions, providing all inputs are within specification.

-3.2.3.10 ThelASshallbecapableofestimationthefield
anglestoanaccuracyof0.18arcsec,1lsigma.
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Agenda

Introduction

Design Overview

Hardware Architecture
Operational Scenarios
Software Design

— Overview

— Operations Interface

— Management and Control
— Database

— L1 Processing

— Evaluation and Analysis
System Test

R. Schweiss
S.Johnston
C. Brambora
S.Johnston

J.Hosler

J.Whelan
A.Williard
A.Williard

T. Ulrich
J.Storey

D. Kaufmann/M. Schienle

\ ‘- Conclusion R. Schweiss I

E. Crook
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‘ e Conclusion I

— Training, Maintenance, and Transition
— Open Issues

— Risks

— IAS Release Plan

— Schedule
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Training, Maintenance, and Transition

 |AS personnel are working closely with EDC to keep operations
and maintenance personnel involved in the IAS design and
Implementation

 |AS Transition Plan will be developed by GSFC with support from
EDC to document:

Transition approach

Roles and Responsibilities of organizations

Plan for providing/acquiring products to support transition
O&M personnel training approach and requirements
Activities and schedules for transition

e The schedule for the IAS Transition Plan is:

— Review: 5/27/97
— Final: 7/1/97




Division

MO& SD IAS Critical Design Review

Code 500

Training, Maintenance, and Transition

IAS Installation Plan will be developed by GSFC with support from
EDC to document:

— Installation strategy, cabling, setup, and checkout
— QOrganization support required for installation
— Problem report and resolution procedures
— Activities and schedules for installation
Schedule for the IAS Installation Plan is:
— Review  5/27/97
— Final 711/97

21
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Open Issues

During ground testing of the ADS transfer functions were not constant

over the operating temperature range. The baseline IAS design assumes

onetransfer function foreach ofthethree ADS units forusein attitude
data processing. The impact of the IAS including a thermal dependence
In these transfer functions is as follows:

— Analysisofthe ADStestresultsisrequired todeterminethe bestway to
parameterize the ADS transfer functions, i.e. how should the transfer
functions be modified

— IAS will need to add the temperature dependent transfer function coefficients

to the Calibration Parameter File

— The attitude processing software that uses the ADS temperature data from the

PCD to set up the filter transfer functions will require modifications

21
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Risks

« Development Schedule

— There is no schedule slack in the IAS development schedule given
the timing of the IAS restructuring.

— Mitigation: Slack will need to be managed by prioritizing
requirements. Highest priority functions needed for launch and
early check outwillbedevelopedfirstetc. Continueto identify
functions that can be deferred until a post launch release (e.g.
Sub Interval Processing)

e Transition to EDC

— Given the development schedule and the funding profile, there is
insufficient time to properly transition sustaining engineering
responsibilities to EDC. If sufficient transition is not provided the
system cannot be properly maintained.

\— Mitigation: Work with EDC, L7 Project, and NOAA during

transition planning to negotiate an acceptable transition schedule 0 22
0
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Risks

Ground Look Calibration Processing

— The Baselined cost and schedule does not include capabilities
to Process Ground Look Calibration

— Mitigation: If Ground Look Processing requirements evolve
then cost and schedule impacts will be assessed

System Performance

— Software application performance on the SGI hardware is not
well understood

— Mitigation: Increase emphasis on prototyping and
performance modeling
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IAS Release Plan

Rationale

* Releasel
— Capabilities to support Landsat 7 Ground System Testing
activities
— Interfaces to the EDC DAAC and MOC
— Core Level 1 Processing Functionality
« Release 2

— Remaining Requirements including all calibration, evaluation,
and analysis functions

22
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IAS Release Plan

SUBSYSTEM

RELEASE 1

RELEASE 2

IAS Infrastructure
User Interface

Operator Interface

Analyst Interface

IAS Infrastructure
Data Management

Ingest Level OR Products from
the EDC DAAC

Create subimage files

Quality Assess Level OR
Products

Correct MSCD and PCD

Associate Level OR Product
with Work Order

Format Files for Transmission
to External Systems

Generate Calibration
Parameter File

Ingest Data from MOC

Convert Ephemeris

Manage Work Order
Directories

Manage Disk Space

IAS Infrastructure
Process Control

Start Up IAS

Schedule Work Order

Process Work Order

IAS Infrastructure
Evaluation &
Analysis

Display Level OR Product files
(imagery and ancillary data)

Display algorithm results - flat
files

Display algorithm results -
database queries

Create reports
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IAS Release Plan

SUBSYSTEM RELEASE 1 RELEASE 2
Radiometric Characterize Level OR image | Characterize Level OR image
Processing (Dropped Lines, Impulse Noise, | (Memory Effect, Coherent
Subsystem Detector Saturation, Noise, Random Noise, Scan-

Histogram Analysis) Correlated Shift)
Correct Level OR image
(Memory Effect, Coherent
Noise, Scan-Correlated Shift)
Process IC Reflective and IC Process FASC and PASC data
Emissive Data (Generate IC (Generate FASC and PASC
gains and biases) gains and biases)
Generate Combined
Radiometric Model (CRaM)
Generate Level 1R image
(Apply Radiometric Correction)
Characterize Level 1R image
(MTF, Banding and Striping)
Correct Level 1R image
(Dropped Lines, Dead
Detectors, Saturated
Detectors, Banding, Striping)
Geometric Generate 1Gs and 1Gp Image
Processing (Create Model, Generate Grid,
Subsystem Call Model, Resample and

Terrain Correct)

Perform Geometric
Calibration (Sensor
Alignment, Scan Mirror, Band
Placement)

Perform Geometric
Characterization (Geometric
Accuracy, Geodetic Accuracy,
Image-to-lmage Registration,
Band-to-Band Registration)
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Software Sizing Estimates

DSl Reuse Releasel | Release?
Process Control Subsystem (PCYS) 1,750 0 1,750 0
Data M anagement Subsystem (DM S) 8,750 0 3,750 5,000
Evaluation & Assessment Subsystem (EAS) 6,125 0 0 6,125
User Interface (Ul) 3,700 0 3,100 600
Database 7,500 0 5,000 2,500
Global & Tools 6,000 0 3,150 2,750
Radiometric Processing Subsystem (RPS) 19,000 5,000 13,425 10,575
Geometric Processing Subssytem (GPS) 16,164 22,776 30,780 8,160

68,989 27,776 61,055 35,710
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Acronyms
1Gs Level 1G systematically corrected data FAC=FASC Full Aperture Solar Calibrator
1Gt Level 1G terrain corrected data FDF Flight Dynamics Facility
1Rf Level 1R FASC processed data FTP File Transfer Protocol
1Rp Level 1R PASC processed data GCP Ground Control Point
ACCA Automated Cloud Cover Assessment GLC Ground Look Calibration
AN/DN Ascending Node/Descending Node GPS Geometric Processing Subsystem
API Application promaatic interface GSFC Goddard Space Flight Center
AUI Analyst User Interface GTSIM Generic Telemetry Simulator
B-B Band to Band GUI Graphical User Interface
CC Cubic Convolution HDF Hierarchical Data Format
CNMOS Consolidated Network |- Image to Image
Management and Operations Support IAS Image Assessment System

COTS Commercial Off-the-Shelf ICD Interface Control Document
CPF Calibration Parameter File IDL Interactive Data Language
CRaM Combined Radiometric Model IGS International Ground Station
DAAC Distributed Active Archive Center LOR Level-OR product
DAN Data Availability Notice LOS Line Of Sight
DB Database LPGS Level 1 Product Generation System
DDR Data Definition Record LPS Landsat 7 Processing System
DEM Digital Elevation Model LSO Landsat 7 Science Office
DHF Data Handling Facility MBR Miniumu m Bounding Rectangle
DMS Data Management Subsystem MMO Mission Management Office
E&A Evaluation and Analysis MO&DSD Mission Operations and Data Systems
ECS EOSDIS Core System Directorate
EDC EROS Data Center MO&SD Mission Operations and Systems
ENVI Environment for Visualizing Imagery Development
ESST Earth Science Search Tool MOC Mission Operations Center
ETM+ Enhanced Thematic Mapper Plus MOSDD Mission Operations and System

Development Division 22
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Acronyms (cont’d)
MSCD Mirror Scan Correction Data PRT
MTF Modulation Transfer Function RPS
MTFC Modulation Transfer Function SEAS
Compensation
NASA National Aeronautics and Space SGI
Administration SSDM
NN Nearest Neighbor STD
ODL Object Description Language ul
PAC=PASC Partial Aperture Solar Calibrator USNO
PCD Payload Correction Data
PCS Process Control Subsystem

Product Request Tool

Radiometric Processing Subsystem
System Engineering, and Analysis
Support

Silicon Graphics, Incorporated

SEAS System Development Methodology

State Transition Diagram
User Interface
U.S. Naval Observatory
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